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© Apparatus for use in a railway vehicle for regu- 
lating it, comprising: means for calculating running 
profiles between two or more fixed destinations; 
means for receiving, either from a second or subse- 
quent railway vehicle, directly or via separate means, 
the time at which one or more of the destinations will 
become clear for use by the railway vehicle; means 

FIG. 6 

Train- borne 
regulation system 

5 



niii 1 1 iii > 



Destination. 
Departure time 
Required arrival 

Strategy. 



ime. x 
ival tone. n^v 



for knowing what balance to apply to trade-offs be- 
tween two or more operational strategies; means for 
knowing the timetabled arrival and departure times 
scheduled for it at any destination; and means for 
reporting to any second or subsequent railway ve- 
hicle, either directly or via separate means, its cal- 
culated arrival time at any destination. 
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The present invention relates to regulating a 
railway vehicle. 

The problem of railway vehicle regulation is a 
system-wide problem but can be considered as 
being the sum of a large number of single journeys 
for each individual vehicle in a railway. In overall 
terms, it amounts to a balance between the cost of 
running railway vehicles and providing a service 
considered as acceptable to the public. A service 
which is generally regarded as acceptable is one 
which provides frequent railway vehicles (i.e. with 
short headways) as well as short journey times, 
and these are conflicting requirements. 

The trade-off between these two requirements 
is simple on a plain line track with equally spaced 
stations, but real railways are not like this. The 
present invention aims to provide means to over- 
come the problems associated with railway vehicle 
regulation on non-ideal railways. 

Systems exist at present where running profiles 
are predefined at the signalling system design 
stage. These systems offer only two different run- 
ning profiles, one providing minimum journey time 
and one providing power savings utilising coasting, 
which increases journey time by a fixed percentage 
(usually chosen to be between 5% and 10%). It is 
possible to select between these profiles but they 
cannot be changed without considerable effort 
since they are "hard wired* typically in program- 
mable read-only memories. Special station ap- 
proach profiles can also be configured at the de- 
sign stage but these generally provide only one 
crudely defined approach profile at a lower than 
usual speed. This speed is either implemented as 
a permanent speed restriction through a station 
(which delays railway vehicles unnecessarily on 
clear track) or as a selectable reduction in target 
speed (which is chosen from a limited range of 
available target speeds) on the approach to a sta- 
tion. 

It is known that there are many different speed 
profiles which can be adopted in order for a railway 
vehicle to travel between two points on a track. 
There are three characteristics of such profiles that 
are important in the transport industry. They are 
•journey time' (how long it takes to get from one 
place to another), "headway" (the time interval 
between one railway vehicle and the next) and 
"power consumption" (how much energy is used in 
the journey). 

By the nature of physics relating to a journey, 
optimising all three of these at once is not possible. 
Curves representing an optimised running profile 
for each of these are shown in Rgure 1. 

Each curve can be described in the following 
way> 

i) For "Minimum Journey Time", the profile uses 
maximum acceleration and maximum service 



braking between maximum safe speed (as de- 
fined by permanent and temporary speed re- 
strictions) and stopping points (either station 
stops or limits of movement authority). 
5 ii) For "Best Power Consumption", the profile 
uses maximum acceleration to maximum line 
speed and then coasts at some point. It ap- 
proaches the station stop using maximum ser- 
vice braking. 

to Hi) For "Minimum Headway", the profile uses 
maximum acceleration to maximum line speed, 
approaches all speed restrictions using maxi- 
mum service braking and adopts a special shal- 
low approach to the limit of its movement an- 
ts thority or required stopping point (e.g. station). 
The actual form of the station approach is the 
subject of simulation studies. 
The fine details of these profiles depend on 
things such as the length of the railway vehicle, the 
20 braking and acceleration capabilities of the railway 
vehicle and any speed restrictions applying to the 
railway vehicle. These are different for each type of 
railway vehicle and it is logical to enable each 
railway vehicle to have information relating to these 
25 characteristics. 

According to the present invention, there is 
provided apparatus for use in a railway vehicle for 
regulating it, comprising: means for calculating run- 
ning profiles between two or more fixed destina- 
30 tions: means for receiving, either from a second or 
subsequent railway vehicle, directly or via separate 
means, the time at which one or more of the 
destinations will become clear for use by the rail- 
way vehicle; means for knowing what balance to 
35 apply to trade-offs between two or more oper- 
ational strategies; means for knowing the timetabl- 
ed arrival and departure times scheduled for it at 
any destination; and means for reporting to any 
second or subsequent railway vehicle, either di- 
40 rectly or via separate means, its calculated arrival 
time at any destination. 

The present invention will now be described by 
way of example, with reference to Figures 2 to 8 of 
the accompanying drawings, in which:- 
45 Rgure 2 shows two trains approaching a junc- 
tion; 

Figures 3, 4 and 5 show minimum journey time, 
best power consumption and minimum headway 
profiles respectively for a train. In terms of 
so speed with respect to distance; 

Rgure 6 is a schematic representation of a 
system according to an example of the present 
invention; 

Rgure 7 is a block diagram of elements of the 
55 system; and 

Rgure 8 is a block diagram of elements of a 
train-borne part of the system. 
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A problem the example of the present invention 
overcomes will first be described. Difficulties arise 
in regulating a train service when junctions are 
encountered or delays in a service are experienced 
or when the maximum amount of performance is 
required from an existing system. With reference to 
Rgure 2, a timetable would allow a train A to pass 
through a junction J first and for a train B to follow, 
without train B needing to be checked. However, if 
it is supposed that train A is running late, a de- 
cision must be made based on knowledge of the 
state of the entire railway as to which train goes 
first through the junction J. 

The situation has two solutions:- 

1) Allow train A to go first causing train B to 
brake and hence be delayed; 

or 

2) Allow train B to go first and hence possibly 
delay train A even further. 

If solution 1 is chosen, there is an advantage to 
be gained in terms of power saving and favourable 
passenger perception if train B travels more slowly 
towards the junction J to arrive just as the route 
through the junction becomes available rather than 
driving as fast as possible towards the junction and 
then having to brake and wait for the junction to 
become clear only to then re-accelerate to continue 
to its journey. To be able to do this, train B must 
know when train A is due to clear the junction J. 
This assumption is based on the anticipated speed 
of train A up to the junction J or its reported time of 
arrival at its destination. Train B may get this 
information directly from train A or via a central 
control. 

If train B can be told when the junction J is 
expected to become dear, then it can calculate a 
running profile that will ensure it will arrive at the 
earliest possible moment but without having to 
brake unnecessarily. This will define a journey time 
for train B from its present location to the junction. 

If the journey time required is equal to or less 
than the best journey time as calculated by train B, 
then train B will calculate a curve using maximum 
acceleration, maximum line speed and maximum 
service braking which in the simplest case is as in 
Rgure 3. 

If the required journey time is less than the 
best achievable time, then train B will notify its best 
achievable journey time so that other trains may 
adjust their running as necessary. 

The required journey time may be greater than 
its minimum possible journey time. If it is, there is 
scope for train B to alter Hs running profile to 
optimise other parameters such as power con- 
sumption or headway. 

Should the optimisation of power consumption 
be specified, then train B can calculate a running 
profile that achieves the required journey time but 



reduces the power consumption for the total jour- 
ney. Such a running profile in the simplest case is 
shown in Rgure 4. 

Should the optimisation of headway be speci- 

s fied, then train B can calculate a running profile 
that achieves the required journey time but reduces 
the headway between train B and the clearance of 
the junction by train A. Such a running profile in 
the simplest case is shown in Rgure 5. 

10 In the absence of any specified primary op- 
timisation parameter, a default strategy may be 
invoked thereby implementing a largely self-regu- 
lating train. 

In an example of a system according to the 
75 present invention, there would be a central regula- 
tion unit making decisions about the required arri- 
val and departure times of every train on the rail- 
way, a communications system which allows in- 
formation to pass between every train and this 
20 central regulation unit and a unit on board every 
train which calculates distance/velocity profiles on 
the basis of information supplied to it by the central 
regulation unit and which controls the train's trac- 
tion and braking systems in order to drive to the 
25 calculated profile for the particular point-to-point 
journey. 

The overall arrangement is shown in Rgure 6. 
The central regulation unit in a railway regula- 
tion system, in making its decisions, will need to 

30 have knowledge of the timetable and the current 
state of the railway in order to calculate the re- 
quired arrival time of a particular train at a particu- 
lar control point on the railway. (A control point 
may be a station, the approach point to a junction, 

35 or some similar location critical to the regulation of 
a railway). 

The required arrival time of a particular train at 
a particular control point is the latest of:- a) the 
timetabled arrival time and b) the anticipated 

ao departure/clearance time of the train currently hold- 
ing the control point. (A train may be said to be 
holding a control point if it is co-located with or is 
the first train chosen to approach a control point). 
The anticipated arrival time of a train at a control 

45 point may be reported by that approaching train or 
deduced by the central regulation unit from the rate 
of change in a trains reported position (approach 
velocity) and. the distance still to travel to the 
control point 

so The strategy for a train's journey may be deter- 
mined by rules laid down by the railway operator 
but may be of the following form:- 
Specify power saving (i.e. coasting) if there are no 
disruptions in the vicinity of the train. 

55 Specify headway optimisation if the train in 
front of the train in question is running late. 

The railway operator may also lay down rules 
which specify a particular balance of power saving 
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during the journey and headway improvement at 
the approach to the control point 

The relevant elements of the centra] regulation 
unit are shown shaded in Figure 7. 

The relevant items of the train carried unit are 5 
shown in Figure & 

Once the train has received its arrival time, 
departure time and strategy for the journey, it will 
calculate a running profile for the journey using 
knowledge of its own performance characteristics 10 
and route geography. (Route geography in this 
case includes speed restrictions, gradients and 
curves). If it cannot achieve the required arrival 
time it will report its best arrival time to the central 
regulation unit so that alternative strategies for the is 
railway can be formulated. 

Having done this, it will then drive the journey 
according to the profile until the destination is 
reached. The process is then repeated. 

20 

Claims 

1. Apparatus for use in a railway vehicle for regu- 
lating it, comprising: means for calculating run- 
ning profiles between two or more fixed des- 25 
tinations; means for receiving, either from a 
second or subsequent railway vehicle, directly 

or via separate means, the time at which one 
or more of the destinations will become clear 
for use by the railway vehicle; means for know* 30 
tng what balance to apply to trade-offs be- 
tween two or more operational strategies; 
means for knowing the timetabled arrival and 
departure times scheduled for it at any des- 
tination; and means for reporting to any sec- 35 
ond or subsequent railway vehicle, either di- 
rectly or via separate means, its calculated 
arrival time at any destination. 

2. Apparatus according to claim 1, wherein said 40 
strategies comprise two or more of journey 
time, power consumption and headway strat- 
egies. 

a Apparatus according to claim 1 or 2, including 45 
means for operating the vehicle's traction and 
braking system for use in driving the vehicle to 
a calculated running profile. 

4. A railway vehicle, provided with apparatus ac- 50 
cording to any preceding claim. 

& A railway vehicle regulation system in which 
there is a plurality of railway vehicles accord- 
ing to claim 4. 55 

6. A system according to claim 5, wherein there 
is a regulation unit for communicating with the 



vehicles via a communication system. 
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